Abstract. Several previous studies have reported a high prevalence of hepatitis C virus (HCV) infection among commercial sex workers (CSWs), but the situation is often compounded by coexisting factors, such as intravenous drug use. We conducted a seroepidemiologic study of 1,527 female CSWs in South Korea. All participants tested negative for human immunodeficiency virus and were not illicit intravenous drug users (IDUs). Twenty-one participants (1.4%) were positive for antibodies to HCV. According to the multivariate logistic regression analysis, a history of acupuncture and diabetes mellitus were associated with the seroprevalence of HCV, whereas time spent as a CSW showed only borderline significance. Sexual activity was not an independent predictor of increased risk for HCV infection in female CSWs who had never been illicit IDUs.
INTRODUCTION
Previous community-based studies have shown that the prevalence of hepatitis C virus (HCV) varied between 1.6% and 11% of the populations studied, [1] [2] [3] but there is a lack of information on the nationwide prevalence of HCV and its risk factors in South Korea. The prevalence of HCV infection differs according to geographic area and among the general population, 4 patients with hepatocellular carcinoma (HCC), 5 and specific risk groups such as commercial sex workers (CSWs). 4, 6 Percutaneous exposure to HCV, such as through blood transfusion, intravenous drug use, and surgery, is a wellestablished risk factor for HCV infection, but the causal relationship between sexual contact and HCV infection has not been extensively studied. There are conflicting reports on the sexual transmission of HCV, [7] [8] [9] and investigation of the potential for sexual transmission of HCV is hampered by the confounding effects of concomitant sexually transmitted diseases (STDs) and intravenous drug use. 10 The prevalence of HCV in CSWs in South Korea has not been extensively reported. One study of the Korean population suggested that the prevalence of HCV may be higher in CSWs than in the general population. 11 However, this study was limited and presented prevalence data for one small group of CSWs in one region of South Korea.
In previous studies of CSWs, sexual transmission of HCV was proposed to play an important role in infection, and, although it has not been evaluated in CSWs who are not intravenous drug users (IDUs), evidence suggested that sexual transmission may be the second most common risk factor for HCV infection. 12 However, whether sexual transmission is an independent risk factor for HCV transmission is debatable because of the frequently confounding effect of concomitant intravenous drug use, which is one of the most important risk factors for HCV infection. 6, 12 We performed a cross-sectional seroepidemiologic study to estimate the prevalence of HCV infection and its potential risk factors among female CSWs who were not IDUs and who were seronegative for human immunodeficiency virus (HIV). We also evaluated the independent contribution of sexual activity to HCV transmission.
MATERIALS AND METHODS

Study participants.
A cross-sectional survey was performed in Jeollanam-do Province, South Korea, from January to July 2004. Potential participants were recruited from registered CSWs in five cities, three located in seaside areas and two located in inland areas. We used the public health center's administrative lists of female CSWs to identify potential participants, who were required to be more than 19 years of age, the legal adult age in South Korea, and had been trading sex for money. The five target cities had an estimated 2,234 registered female CSWs who were of eligible age between January and July 2004. All registered CSWs must visit the public health center for monthly STD screening tests to maintain the test certificate required for their jobs. Tests for syphilis were conducted in all eligible female CSWs at each public health center laboratory. Among the 2,234 eligible female CSWs who had undergone STD screening in public health centers during the study period, 1,527 (68.4%) agreed to participate in the study, gave written informed consent, and completed a self-administered questionnaire without omitting any essential variables, such as age and prior or current status of intravenous drug use. Approval for the study was obtained from the Ethical Committee of Jeollanam-do Institute of Health and Environment before conducting the survey.
Serologic testing. Blood samples were collected into jelly vacuum tubes under aseptic conditions and were subsequently tested for syphilis and HIV at each health center laboratory. The tubes were sent to the Central Laboratory, Jeollanam-do Institute of Health and Environment on the same day. Sera were isolated by centrifugation and stored at −70°C. The sera were tested for HCV and hepatitis B virus (HBV) in the same laboratory. Third-generation enzymelinked immunosorbent assays (ELISAs) were performed to detect antibodies to HCV (Genedia HCV ELISA 3. Definitions. To determine the serologic status of syphilis and HIV, we traced the laboratory data of each public health center and the registered data of the National Communicable Diseases Surveillance System in Korea, 2002 Korea, -2004 . Subjects with reactive TPHA and previous positive VDRL or RPR test results were defined as syphilis seropositive. The presence of diabetes mellitus was confirmed by a self-report that the subject was taking anti-hyperglycemic medication because almost none of the study subjects had been fasting. Subjects who had been exposed to potential risk factors, such as acupuncture, on more than one occasion were considered positive for that risk factor. A family history of hepatitis C was defined as the presence of HCV in an immediate family member (e.g., parent or full siblings). A non-paying sexual partner was defined as a spouse or male cohabitant.
Statistical methods. Continuous variables, such as age and years spent as a CSW, were grouped and treated as categorical variables. Comparisons for the associations of HCV status were conducted using the chi-square test, Student's t-test, or Fisher's exact test as appropriate. The analysis of risk factors was conducted using multivariate logistic regression. Previously identified risk factors that were significant at the P < 0.1 level in an unadjusted model (age group, acupuncture, diabetes, time spent as a CSW, and history of hemodialysis) were included in the model. Data processing and statistical analyses were performed with SPSS version 11.5 (SPSS Inc., Chicago, IL).
RESULTS
Characteristics of the subjects. There were no significant differences in age or seropositivity for syphilis between participants and non-participants. The mean ± SD age and seropositivity for syphilis were 27 ± 6.1 years and 2.7%, respectively, for CSWs who participated in the study and 27.9 ± 6.2 years and 2.2%, respectively, for non participating CSWs. The sociodemographic characteristics of the study subjects are shown in Table 1 . No cases of HIV or intravenous drug use were found and approximately 75% of the subjects were < 30 years of age (range ‫ס‬ 19-54 years, median ‫ס‬ 25 years). Most subjects (91.2%) had worked as a CSW for Յ 5 years, and the remaining 8.8% had been CSWs for > 5 years; 966 subjects (63.3%) worked in seaside cities and 561 (36.7%) worked in inland cities. Most of the subjects (86.6%) reported a history of sexual contact with non-paying partners (husband or cohabitant). A family history of HCV or HBV was infrequent and was reported by only 21 (1.4%) or 45 (2.9%) of the subjects, respectively.
Prevalence of antibodies to HCV according to demographic and potential risk factors. Twenty-one (1.4%) subjects were positive for antibodies to HCV, 102 (6.7%) were carriers of HBsAg, and none were co-infected with HCV and HBV. Table 2 shows the sociodemographic factors and potential risk factors according to serologic status for antibodies to HCV. Univariate analysis showed that age (or age group), history of hemodialysis, use of acupuncture, and diabetes mellitus were associated with increased risk of being positive antibodies to HCV. Other potential risk factors, such as a family history of HCV, prior surgery, prior blood transfusion, HBsAg serology, and HBV vaccination were not associated with a risk of having antibodies to HCV.
Prevalence of antibodies to HCV according to sexual activity. There were no cases of HIV among the study subjects, and 41 (2.7%) were seropositive for syphilis. Univariate analysis showed that subjects who had been a CSW for > 3 years had a significantly (P < 0.05) higher rate of antibodies to HCV. This positive statistical association with antibodies to HCV was not seen with other variables indicative of sexual activity, such as syphilis serology, presence of a non-paying sexual partner, and HCV history of non-paying sexual partners.
Independent risk factors for HCV infection. Using a multivariate logistic regression model, we analyzed all factors associated at the P < 0.1 level with HCV serologic status. There were too few subjects with some of the traditional risk factors, such as blood transfusion and HBsAg carrier status, to perform a multivariate analysis for those factors. alysis and age (Ն 30 years) were not associated with HCV serologic status (Table 3) .
DISCUSSION
In previous studies of CSWs, sexual transmission of HCV was believed to play an important role in HCV infection; however, these studies did not exclude CSWs who were IDUs. Thus, although evidence indicates that sexual transmission is the second most common risk factor for HCV acquisition, 12 it is debatable whether sexual contact is an independent risk factor for HCV transmission because of the confounding effect of frequently coexisting intravenous drug use, which is important in HCV transmission. 6, 12 In the present study, which did not have this confounding effect, we estimated HCV seroprevalence and risk factors in female CSWs in South Korea. The participation rate in the study was 68.4%, which compares favorably with that of previous community-based epidemiologic studies. In addition, there were no differences in age or syphilis serologic status between participating and non-participating CSWs.
Women who work in the commercial sex industry differ from the general population in their increased vulnerability to infection and their potential for increased rates of STDs and blood-borne virus infections, including HCV. CSWs play a specific role as a bridge population between reservoirs of infectious disease and the general populations; therefore, they require intensive health care. Several studies have reported a high prevalence of HCV infection in CSWs. Kim and others reported that HCV prevalence in CSWs in South Korea was 10.3%, and this rate was three times higher than that of voluntary recipients for STD testing in public health centers.
11
Despite a small sample size and selection bias, these findings suggest the possibility of sexual transmission of HCV in South Korea. Terraut estimated the average seroprevalence of antibodies to HCV among female sex workers to be at 6% in the United States; 6 Laurent and others reported a seroprevalence of 6.6% in the Congo, 13 and Ishi and others reported a seroprevalence of 3.2% in Japan.
14 The HCV seroprevalence of 1.4% in female CSWs in our study is lower than that in most previous reports except another for a report from Japan, 15 and is lower than that in the general female population in South Korea. 16 In addition, CSWs in other countries show a higher seroprevalence than in our study, 8, 13, 17 despite some differences in the study designs. We suggest that this difference in HCV seroprevalence is attributable to differences in the pattern of intravenous drug use in the study populations. Illicit intravenous drug use in CWSs ranged form 3% 18 to 9.1% 17 in previous studies and was 4.4% in low-income, young American women. 8 Our sample consisted of a large number of female CSWs, but none were current or prior IDUs. IDUs are very rare in South Korea even among CSWs because illicit drug use is strictly banned in South Korea. Montella and others suggested that illicit intravenous drug use is a major transmission route for HCV infection in younger people and that iatrogenic transmission via nonsterile syringes is a major route of transmission in older age groups. 19 Given that three of four of our study subjects were less than 30 years of age, it is likely that the absence of IDUs accounts for the lower HCV seroprevalence in our study compared with that in other studies.
The 6.2% prevalence of HBsAg carriers among female CSWs in our study is higher than that reported in previous studies of female CSWs in Japan, 14 Uruguay, 18 and South Korea, 11 and in male CSWs in Australia. 17 It is also higher than that in the general female population of South Korea, 1, 3, 20 in which prevalence ranges from 1.4% to 5%. This may be because South Korea is endemic for HBV and sexual transmission of HBV is well established, unlike that of HCV. The HBV vaccination coverage rate in our study subjects was low, which may be related to the relatively high fee that must be paid by an applicant in the Korean vaccination system.
HIV was not detected in our study subjects. The total number of patients with HIV/acquired immunodeficiency syndrome (AIDS) in South Korea at the end of 2003 was approximately estimated 8,300, according to the World Health Organization, 21 HIV/AIDS occurred predominantly in men, 22 and the prevalence rate in CSWs was 1.75 per 10,000 person. Therefore, HIV was not likely to be detected in a study of our size.
Our results suggest that acupuncture is an important risk factor for HCV infection, as reported in previous studies in Asia. [23] [24] [25] Acupuncture is a common health practice in South Korea, as reflected in our study subjects. Despite the frequent use of acupuncture, it is conducted in non-medical areas and commonly by unqualified persons with non-sterile equipment. Therefore, acupuncture should be considered a mode of HCV transmission in South Korea 3, 23 and the rest of the world. 24, [26] [27] [28] [29] Shin and others reported that 55% of female HCV transmission is attributable to acupuncture and suggested that safer acupuncture practices should be a priority for HCV prevention in South Korea. 3 Shimoyama and others reported that acupuncture accounts for Յ 20% of HCV cases in Japan. 25 Of the 21 subjects positive for antibodies to HCV in the present study, only eight reported a prior surgery or hemodialysis, and their only other likely risk factor for HCV transmission, apart from being CSWs, was the use of acupuncture. In addition, a strong association between the presence of antibodies to HCV and acupuncture remained in our regression model after adjusting for other factors. These results suggest that acupuncture plays a major role in HCV transmission among female CSWs who are not IDUs in South Korea, as in other Asian countries.
None of the variables associated with sexual activity, such as time spent as a CSW, syphilis, or HBV serologies, and non-paying sexual contact with HCV-positive partners, that were analyzed in the present study were associated with the presence of antibodies to HCV. Time spent as a CSW was shown to be strongly associated with the presence of antibodies to HCV by univariate analysis, but it did not remain significantly associated by multivariate analysis. Only 2 of 21 subjects positive for antibodies to HCV were free from potential risk factor exposures except those related to sexual activity. Together with the relatively low prevalence of antibodies to HCV previously described, these results indicate that HCV was transmitted mainly by the more common route, such as acupuncture, rather than by sexual transmission, which appears to play a minor role even in CSWs. However, the possibility of sexual transmission is not ruled out by our study because indicators that may more directly gauge sexual activity, such as condom use or number of daily sexual partners, were not analyzed. Although sexual activity seems to have a minimal effect on HCV transmission, the frequency of sexual activity in most adults necessitates further consideration of the potential for sexual transmission of HCV.
An interesting finding in our study was the positive association between diabetes and positivity for antibodies to HCV, which is consistent with the findings of most studies of general populations 30, 31 and of patients with diabetes or HCV, 32 with the exception of one study from Greece. 33 However, advanced liver disease, such as cirrhosis and HCC, has been shown to cause glucose intolerance and insulin resistance, so it is still not clear whether mild or severe HCV infection is actually associated with diabetes. In the present study, diabetes was the factor most strongly associated with HCV positivity. Furthermore, none of the subjects positive for antibodies to HCV in our study had been clinically diagnosed with liver disease including cirrhosis and HCC. Thus, despite the small number of subjects with diabetes and the possibility of an inaccurate definition of diabetes, diabetes may still be a risk factor for HCV infection. In addition, none of the persons with diabetes had used needles for insulin injection.
The transfusion of blood or blood products carries an extremely high risk of HCV infection worldwide. Therefore, patients with hemophilia have a very high incidence of HCV infection (46-90%). [34] [35] [36] Hemodialysis is also an effective transmission route for HCV. Recent epidemiologic data show that the risk of HCV infection among patients undergoing dialysis and staff at dialysis units has increased. 37, 38 However, in our study, there were too few subjects with a history of transfusion or hemodialysis to establish an association with the presence of antibodies to HCV.
Our study has some limitations. First, direct indicators of sexual activities, such as condom use and daily numbers of sex partners, and some potential risk factors, such as intranasal drug use, tattooing, and body piercing, were not used in the analysis because of insufficient data. Second, CSWs can be classified into two groups that show differences in behaviors and sexual activities: 1) direct CSWs who live in brothels in red-light areas, and 2) indirect CSWs who are non-brothelbased. However, it was not possible to classify our study subjects into these two groups. Third, the subjects recruited for this study may not have been representative of the female CSWs in the target area; unregistered CSWs who were not recruited may be direct CSWs with more risky behavior than registered CSWs. However, it is expected that there were only a small number of unregistered direct CSWs and that these CSWs would soon need to become registered to remain CSWs. Therefore, we believe that the effects of this selection bias and its implications could be ignored. Fourth, a misclassification bias concerning the definition of diabetes and under-reporting of intravenous drug use may have occurred. Lastly, our study has low statistical power because of the small number of positive results for antibodies to HCV, diabetes, and syphilis serologic status.
Our findings suggest that the prevalence of antibodies to HCV in female CSWs without HIV or a history of intravenous drug use was no higher than that in the general population of South Korea or that previously reported from other countries. The higher prevalence rates reported in other studies may be related to the prevalence of intravenous drug use in study populations. Although we cannot rule out the role of sexual activity as an independent risk factor for HCV infection, we suggest that sexual activity is less of a risk factor than are acupuncture or diabetes in female CSWs who are not IDUs. This remains to be quantified in a prospective study. 
